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HIGH SPEED TRI-LEVEL INPUT POWER
CONVERTER GATE DRIVER

CROSS-REFERENC.

L1

The present application 1s a continuation of U.S. patent
application Ser. No. 15/651,938, filed Jul. 17, 2017 and
entitled “High Speed Tri-Level Input Power Converter Gate
Driver,” which 1s a continuation of U.S. patent application
Ser. No. 15/250,331, filed Aug. 29, 2016 and entitled “High
Speed Tri-Level Input Power Converter Gate Driver,” both
of which are incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

Electronic devices often need to generate multiple power
regimes while only being powered by a single source. For
example, a laptop computer may only have a single battery
but may need to produce power regimes with diflerent
supply voltages for the various components on the laptop.
Furthermore, regardless of the need for multiple power
regimes, electronic devices often need to condition the
power that 1s delivered to them from an external source.
Returning to the example of a laptop, the laptop processor
contains sensitive electronics and exhibits a widely varying
power demand based on how hard the processor 1s working.
Simply plugging in a DC version of the mains voltage source
1s not an option because the processor will not be shielded
from dips or surges in the power supply and the power
supply will likewise not be able to keep pace with the rapid
transitions in the power drawn by the processor. The afore-
mentioned requirements are addressed by power converters.

FIG. 1 provides a block diagram of an example power
converter 100 regulating power applied to a load 101. In this
example, the mput 1s a voltage V., provided on an input
node of the power converter and the output i1s a voltage V .,/
provided on an output node of the power converter. Alter-
native power converters may regulate an output current
while allowing a voltage at the output node of the converter
to vary. Power converter 100 regulates the load by altering
the amount of power transferred through switching circuit
102 and output filter 103 using a control loop.

Switched mode converters are a specific class of power
converters that utilize a control loop, switching circuit, and
an output filter to control the transfer of power from the
input regime to the output regime. In the 1llustrated example,
switching circuit 102 1s coupled to the mnput node, and serves
to couple the input side of the power converter to the output
side of the power converter. As illustrated, the control loop
of power converter 100 includes a feedback path 104 that
provides a control signal to switching circuit 102 that 1s
based on a measurement taken from the output side of power
converter 100. The feedback path includes signal condition-
ing and processing circuitry 105 and a driver circuit 106 for
providing control signals to the power devices in switching
circuit 102. For example, the driver circuit 106 could be a
gate driver circuit for driving the gates of power transistors
in switching circuit 102. The specific switching circuit
illustrated by FIG. 1, in which the gates of two series-
connected FE'Ts are independently driven, 1s referred to as a
totem pole or half-bridge switching circuait.

SUMMARY OF INVENTION

In one approach a control circuit 1s disclosed. The control
circuit comprises a first butler powered by a supply voltage
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2

and a reference voltage. The first butler buflers a first input
on a first output. The control circuit also comprises a second
bufler powered by the reference voltage and a ground
voltage. The second bufler buflers a second input on a
second output. The control circuit also comprises a first level
shifter. The first level shifter shifts the first output to a
voltage range. The control circuit also comprises a second
level shifter. The second level shifter shifts the second
output to the voltage range. The voltage range 1s larger than
a delta between the supply voltage and the reference voltage.
The reference voltage 1s greater than one quarter of the
supply voltage and less than three quarters of the supply
voltage.

A power converter 1s disclosed. The power converter
comprises a control loop that regulates an output of the
power converter using a switching circuit. The switching
circuit 1s coupled between an input side of the power
converter and a load side of the power converter. The power
converter also comprises a first buller powered by a supply
voltage and a reference voltage. The first builer bullers a first
input on a first output. The power converter also comprises
a second bufler powered by the reference voltage and a

ground voltage. The second bufler butlers a second 1mput on
a second output. The power converter also comprises a first
level shifter. The first level shifter shifts the first output to a
voltage range. The power converter also comprises a second
level shifter. The second level shifter shifts the second
output to the voltage range. The first level shifter and the
second level shifter are on the control loop. The voltage
range 1s larger than a delta between the supply voltage and
the reference voltage. The reference voltage 1s greater than
one quarter of the supply voltage and less than three quarters
of the supply voltage.

Another method 1s disclosed. The disclosed method com-
prises bullering an input signal using a first bufler. The first
bufler 1s powered by a supply voltage and a reference
voltage. The method also comprises bullering the input
signal using a second butler. The second builer 1s powered
by the reference voltage and a ground voltage. The method
also comprises level shifting a first bufler output signal of
the first bufler to a voltage range using a first level shifter,
and level shifting a second bufler output signal of the second
bufler to the voltage range using a second level shifter. The
voltage range 1s larger than a delta between the supply
voltage and the reference voltage. The reference voltage 1s
greater than one quarter of the supply voltage and less than
three quarters of the supply voltage

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a power converter topology.

FIG. 2 1s a block diagram of a control circuit that 1s 1n
accordance with embodiments of the present invention.

FIG. 3 includes a set of flow charts and two sets of axes
to 1llustrate the operation of the control circuit in FIG. 2.

FIG. 4 1s a block diagram of a power converter topology
that utilizes a control circuit 1n accordance with embodi-
ments of the present mvention.

FIG. 5 mcludes a set of tlow charts to illustrate methods
ol operating a power converter in accordance with embodi-
ments of the present mvention.

FIG. 6 1s a block diagram of a specific implementation of
the control circuit of FIG. 2.

FIG. 7 includes a flow chart and block diagram to
illustrate the generation of a status signal by a control circuit
in accordance with embodiments of the present invention.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Reference now will be made 1n detail to embodiments of
the disclosed 1invention, one or more examples of which are
illustrated 1n the accompanying drawings. Each example 1s
provided by way of explanation of the present technology,
not as a limitation of the present technology. In fact, 1t will
be apparent to those skilled 1n the art that modifications and
variations can be made 1n the present technology without
departing from the scope thereof. For instance, features
illustrated or described as part of one embodiment may be
used with another embodiment to vield a still further
embodiment. Thus, 1t 1s itended that the present subject
matter covers all such modifications and variations within
the scope of the appended claims and their equivalents.

The switching circuit of a switched power converter deals
with large system-level currents and relatively large volt-
ages. Switching circuits that include two devices 1n series
between the mput and ground of the power converter, such
as half or full bridge switching circuits, must be carefully
designed to avoid situations 1n which both devices are turned
on at the same time to create what 1s known as a cross-bar
current. In these devices, the two series connected switches
have only three valid operating modes during standard
operation (1.e., on/oil, off/on, and ofi/ofl). At a high level, the
on/ofl and ofl/on states control when power 1s being trans-
terred to the output filter or removed from the output filter.
The ofl/off state 1s referred to herein as the tristate. Tristate
1s utilized 1n certain circumstances, such as when the power
converter should not be transierring power to the output
filter, and the output filter 1s not storing any power that can
be transierred to the load. Diflerent portions of the power
converter may need to be alerted when the device enters
tristate. As such a status signal may need to be generated by
the same control circuitry that itiates tristate.

FI1G. 2 1llustrates a control circuit 200. The control circuit
includes a first butfer 201 coupled to a supply voltage V
and a reference voltage V... The first buller 1s powered by
these voltages. The first butter 201 buftlers a first input V
on a first output V,,,. The control circuit also includes a
second buffer 202 coupled to the reference voltage V... and
the ground voltage V ;.. The second bufler 1s powered by
these voltages. The second builer 202 builers a second input
V. on a second output V... The supply voltage V,,,, can
be a supply voltage for the control loop of the power
converter, and specifically can be a supply voltage for a
digital portion of the control loop of the power converter.
The supply voltage V ,,, can be 1n the range of 3.3-5 volts.
The reference voltage V. can be generated by a reference
voltage generator 203 that 1s coupled to the supply voltage
V 5 and ground voltage V ... The reference voltage V, .~
can be generated from V ,, using a voltage divider.

The first and second buflers 201 and 202 can be inverters.
The mverters can be two-device complementary field eflect
transistor (FET) inverters designed to trip at approximately
half their supply voltages. As such, first builer 201 may trip
at one half of a delta between the supply voltage V ,, and the
reference voltage V.., and second bufller 202 may trip at
one half of a delta between the reference voltage V.~ and
the ground voltage V ..,,. The reference voltage can be 1n
the range of one quarter of the supply voltage to three
quarters of the supply voltage. In particular, the reference
voltage can be approximately one hall of V,,. In this
particular situation, 11 the first and second buflers are invert-
ers that are designed to trip at half of a delta between their
supply voltages, first buller 201 could trip when 1ts 1nput
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4

was equal to three quarters of the supply voltage V ,, and
the second bufler 202 could trip when 1ts input was equal to
one quarter of the supply voltage V .

Control circuit 200 also includes a first level shifter 204
that shifts the first output voltage V,,, to a voltage range,
and a second level shifter 205 that shifts the second output
voltage V ., to that same voltage range. The signal V., <
1s the signal V,,, alter being level shifted. The signal
Vi.o-ro 18 the signal V., after being level shifted. The
voltage range to which the signals are shifted 1s larger than
a delta between the supply voltage V., and the reference
voltage V..~ As illustrated, first level shifter 204 and
second level shifter 205 are both coupled to and powered by
supply voltage V ,,,, and ground voltage V .,,,. In specific
implementations, the shifted signals will be shifted out to a
range of V., t0 V,,,, Where V., 1s shifted out in the
negative direction towards V -, and V5, 1s shifted out in
the positive direction towards V 5. The signals V., ;- and
Veo-rs Can be referred to as the ligh side control circuit
output and low side control circuit output respectively. The
outputs of the level shifters can be combined by a logic
circuit 206 to generate a status signal V.., The status
signal can hold a true value when the outputs V.,,,. and
Vzo-rs both hold false values. For example, logic circuit
206 could comprise a NOR circuit or an equivalent logic
circuit such as two nverters each independently in series
with a common NAND circuit.

FIG. 3 includes a set of flow charts and two sets of axes
300 and 310 to illustrate a method of operation for a control
circuit. The control circuit could be control circuit 200 from
FIG. 2. The wavetorms charted on axes 300 align with the
specific implementation of FIG. 2 1 which the reference
voltage V.. 1s half of the supply voltage V,,,, and the
buflers 201 and 202 are complimentary FET inverters
designed to trlp at half of their supply voltage. The abscissa
of axes 300 1s 1n units of volts and 1s equal to the value of
first input V,.,,. The abscissa of axes 310 1s also 1n units of
volts and 1s equal to the value of first mput V... The
ordinate of axes 300 1s 1n units of volts and includes a value
of V,,, charted as wavetorm 304 and a value of V.,
charted as waveform 305. The ordinate of axes 310 1s 1n
units of volts and includes a value of V,,, charted as
wavetorm 314 and a value of V.., charted as wavelorm

315. The origin of both sets of axes 1s the ground voltage

VGND'
In step 301, an 1nput signal 1s bullered using a first bufler.

The first bufler 1s coupled between a supply voltage and a
Itage. The first bufler could be first buller 201

reference vo.
trom FI1G. 2. In particular, the first butler could be an inverter
powered by the supply voltage V ,,, and reference voltage
V.~ and designed to trip at a voltage V r»,», equal to half
of the delta between the voltages that power the inverter.
This specific approach is illustrated by the potential values
for V., charted as wavetorm 304 on axes 300. As seen,
when the first mput voltage V.., approaches and then
exceeds the voltage V... »,, the output voltage of the inverter
V » o, transitions from a value of V 4., to V. as the output
of the inverter transitions between the voltages that power
the inverter.

In step 302, a first builer output signal 1s level shifted to
a voltage range using a level shifter. The level shifter can be
first level shifter 204 from FIG. 2. As illustrated by the
potential values for V., ,. charted as wavetform 305 on
axes 300, when the output of the first budil

er rises to an

appreciable degree, the output of the level shifter also rises
as 1t tracks the output of first bufler 201. However, the
voltage V 5,7 o transitions from a value of V 5, all the way
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to V5. Step 302 can be considered a consequence of step
301 when considered in the time domain because there 1s a
certain time delay between when a transition 1n the signal
provided to the bufler 1s recognized by the level shifter and
reflected by the output of the level shifter. However, the two
steps can also be considered to be happening continuously as
long as the device 1s 1n a standard mode of operation because
the signal provided by the first buller 1s continuously being

level shifted by the first level shifter.

Steps 311 and 312 are similar to steps 301 and 302
respectively. The steps have the same conceptual relation-
ship and conduct the same operation albeit on a different
signal to produce a diflerent result. In step 311, an 1nput
signal 1s buflered using a second bufler. The second builer

could be second bufler 202 from FIG. 2. In step 312, a

second buller output signal of the second bufler i1s level
shifter to a voltage range using a second level shifter. The

second level shifter could be second level shifter 205 from
FIG. 2. The wavelorms 314 and 315 correspond to the
particular application of control circuit 200 in which second
butler 202 1s an inverter having a trip point V . ,», at roughly
half a delta between the voltages that are powering the
inverter and that transitions between those two voltages
when inverting an mput to the mverter. As 1illustrated, the
second 1nverter output drops as 1t approaches V ,», and the
output of the second level shifter tracks and drops with the
output of the second inverter. The relative trip points of the
inverters and the reference voltage can be adjusted level
shifters do not need to be utilizing half steps. In other words,
V.-~ can be biased towards V., or V55, just as the
inverter trip points can be biased towards whichever volt-
ages are being used to power the inverter.

In certain approaches, the signal that i1s buflered 1n step
301 and step 311 1s a common control signal. To use the
example of FIG. 2, a common control signal could be
provided to nodes V., and V... In such an approach, the
abscissa of sets of axes 300 and 310 in FIG. 3 both plot the
same value. FIG. 3 can be used to illustrate such an
application as the x-axis of both sets of axes are aligned and
use the same scale. The result of this configuration 1s a
control circuit that takes 1n a common control signal, and
produces three diflerent outputs based on the value of that
common control signal. When the common control signal 1s
high (or true) the first output of the control circuit 1s high (or
true) while the second output of the control circuit 1s low (or
false). As seen 1 FIG. 3, the outputs will have opposite
values when the common control signal 1s low (or false).
Finally, when the common control signal 1s 1n a given range
around V.-, the outputs are both low.

The pattern of outputs described 1n the previous paragraph
1s amenable to use 1n the control loop of a switching power
converter with at least two switching devices 1n the switch-
ing circuit where the two outputs are used to drive the high
and low side switching devices. The terms true and false are
used to indicate that it 1s the relative value of these voltages
that are important as the addition of inverters to a circuit path
carrying a control signal can assure that the control signal
provides the appropriate polarity when that control signal 1s
ultimately used to alter a transistor 1n the power or control
path of a circuit. In other words, true can be high while low
1s false, but the opposite can also be 1 keeping with this
terminology depending upon the polanty of the control
circuit, and the use of the terms true and false 1s meant to
cover both polanties. Regardless, with the aforementioned
values, the control circuit produces suflicient output infor-
mation to provide control signals to a power converter for
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the three states mentioned above. The control circuit can set
either of the switches on independently or shut both of the
switches ofl.

FIG. 4 illustrates a block diagram of a power converter
400. The power converter includes a control loop 401 that
regulates an output of the power converter having load 402
using a switching circuit 403. The switching circuit 1s
coupled between an 1nput side of the power converter and a
load side of the power converter. The power converter also
includes an output filter 404. The switching circuit 403 can
regulate the output voltage V . using the input voltage V ,.;
and control loop 401. Control loop 401 includes signal
conditioning and processing circuitry 4035 and also includes
a control circuit that 1s 1n accordance with certain 1mple-
mentations of control circuit 200.

The control circuit for power converter 400 includes two
branches because i1t independently controls the control
switch 406 and the synchronous switch 407. The control
switch 406 can also be referred to as the high side power
switch. The synchronous switch 407 can also be referred to
as the low side power switch. The two branches split after
receiving a common control circuit mnput from circuitry 403.
The two branches include a first butler 408 with a first input
coupled to this common control 1nput, and a second butler
409 with a second mput coupled to this common control
input. All of the circuitry on these branches can still be
considered on the control loop because they are used to
process a control signal that affects the output of the power
converter and that was originally based on the output of the
power converter. The control loop therefore also includes a
first level shifter 410 and a second level shifter 411.

The buflers and level shifters of power converter 400 can
match those of the control circuit i control circuit 200. For
example, first buller 408 could be coupled to a supply
voltage V,, and a reference voltage V.., and bufler a
signal from 1ts input on its output. First buller 408 could be
an mverter powered by supply voltage V5 and reference
voltage V. .~. Likewise, second bufler 409 could be coupled
to the reference voltage V..~ and a ground voltage V ;.
Second bufler 409 could be an inverter powered by reference
voltage V.~ and ground voltage V .. The first and second
level shifters 410 and 411 could each be coupled to and
powered by supply voltage V ,, and ground voltage V .
The level shifters could shiit the outputs of the two 1nverters
up to a voltage range. The output of the first level shifter 410
can be referred to as the high side control circuit output. The
output of the second level shifter 411 can be referred to as
the low side control circuit output. The ground voltage used
to bias the buflers and the level shifters can be different than
the ground voltage used for switching circuit 403 and load
402. The ground for switching circuit 403 can be referred to
as the power ground of the converter while the ground
voltage V -, for the control circuitry can be referred to as
the control ground or just the ground voltage.

The high side control circuit output and the low side
control circuit output can be used to drive high side power
transistor 406 and low side power transistor 407 respec-
tively. As 1llustrated, high side power field efiect transistor
406 1s coupled to the mput side of power converter 400 and
low side power field eflect transistor 407. Low side power
field effect transistor 407 1s coupled to high side power field
cllect transistor 406 and a power ground voltage. As such,
level shifters 410 and 411 can be referred to as being used
to produce a high side drive signal and a low side drive
signal, respectively. The power transistors 406 and 407 can
be FETs having gate nodes that receive signals for turming
the transistors on or off. As illustrated, the level shifters can
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produce the signals used to control the power transistors via
their gate nodes. The power ground voltage 1s 1llustrated as
a ground symbol with white {ill to distinguish 1t from the
control circuit ground which 1s illustrated as a ground
symbol with black fill.

The control and drive circuitry between the level shifters
and the power transistors may vary. FIG. 4 includes one
approach in which the control circuit output signals are
latched and then provided to gate drive circuits. Additional
circuitry has been omitted for simplicity and other
approaches are possible. In the illustrated approach, the high
side control circuit output and the low side control circuit
output may be latched. For example, the high side control
circuit output can be latched by S/R latch 412, a high side
latch communicatively coupled to the high side gate driver
414 and the first level shifter 410, wherein the high side latch
latches the high side drive signal. The low side control
circuit output can be latched by S/R latch 413, a low side
latch communicatively coupled to the low side gate driver
415 and the second level shifter 411, wherein the low side
latch latches the low side drive signal.

The output of latches 412 and 413 could be independently
provided to respective gate drivers 414 and 4135. The gate
drivers could be large stacked complimentary FETs. The
gate drivers may be powered by another set of supply
voltages 1n order to rapidly and properly switch the control
gate of the control switches despite variations in V., and
power ground. The high side gate driver 414 could be
powered by a boosted voltage supply and coupled to the high
side gate node of power transistor 406. The high side gate
driver 414 drives the high side power field eflect transistor
406 using the high side drive signal. The low side gate driver
415 could be biased by the power ground voltage and
coupled to the low side gate node of power transistor 407.
The low side gate driver 415 drives the low side power field
cllect transistor 407 using the low side drive signal.

The reference voltage V..~ could be greater than one
quarter of the supply voltage V., and less than three
quarters of the supply voltage V 5. As a result, and assum-
ing builers 408 and 409 were designed to trip at the midpoint
between their supply voltages, the combined transfer func-
tion of the control circuit would be similar to that obtained
by combining wavetforms 305 and 315 on a single x-axis. At
a low voltage, only the low side power transistor 407 1s on
while the high side 1s off, at a midpoint both the high side
power transistor 406 and low side power transistor 407 are
ofl, at a high voltage, only the high side power transistor 406
1s on. Indeed, V.~ could be selected to be approximately
half of V ,,,, and each bufler 408 and 409 could be configured
to trip at half of a delta between its supply voltages. In this
case, the spacing of the trip voltages 1s maximized across the
range of potential V .., values to reduce noise susceptibility.

If a control circuit such as control circuit 200 1s utilized
in a switched power converter, the status signal V...,..can be
used to indicate that the control circuit 1s driving the power
converter to tristate. A logic circuit can be communicatively
coupled to the high side and low side control circuit outputs
to detect when those signals are shutting oif both the high
side and low side power transistors 406 and 407. This logic
circuit will use those signals to produce a trilevel output
signal. The trilevel output signal can then be used to inform
alternative portions of the power converter that the power
converter 1s 1n tristate. For example, certain portions of the
control loop signal processing circuitry may need to be
placed into a different mode while the device 1s 1n tristate,
and the trilevel output signal can be used to initiate this
change 1n mode.
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FIG. 4 provides an example of how a trilevel output signal
can be produced. As illustrated, power converter 400
includes a logic circuit 416 that 1s communicatively coupled
to the high side control circuit output and the low side
control circuit output. In the figure, logic circuit 416 1s a
basic NOR gate and 1s directly coupled to the outputs of
level shifters 411 and 410. However, the logic circuit can be
more complex and additional logic gates and circuitry can be
placed between the outputs of the level shifters and the
inputs of the logic circuit so long as they remain commu-
nicatively coupled and the information content of the high
side and low side drive control circuit output signals are not
modified before reaching the mput of the logic circuit. In the
illustrated example, the logic circuit output will be high
when both of the control circuit output signals are low.
However, the relative polarity of these signals will depend
upon the presence of additional circuitry between the
switching circuit and the characteristics of the switching
circuits themselves. Assuming that “true” value for a control
circuit output signal activates 1ts respective switching
device, the trilevel output signal of the logic circuit output
should be true when both the high and low side control
circuit outputs are false. In the illustrated example, the
trilevel output signal will also be true when the common
control circuit input equals the reference voltage V...

FIG. 4 also provides an example of how the reference
voltage can be generated from the supply voltage V  and
ground voltage V ... As 1llustrated, power converter 400
includes a reference voltage generator 417. The reference
voltage generator can be integrated with the control circuitry
and formed 1n the same physical structure as the control
circuitry (e.g., the reference voltage generator can be in the
same ntegrated circuit as the control circuitry). The refer-
ence voltage generator 1s shown coupled between the supply
voltage V,, and the ground voltage V., Notably, the
ground voltage 1s the control circuitry ground 1nstead of the
power ground and hence 1s 1llustrated by a ground icon with
black fill. The illustrated reference voltage generator
includes an impedance divider that generates the reference
voltage from the supply voltage. The reference voltage
generator may need to be augmented with a reference
voltage generator capacitor 1n order to assure that i1t can
serve as a rail for the first bufler 408 and second bufler 409.
The butlers need to switch very quickly and may pull a large
amount of current, but in order for the buflers to perform
adequately, the voltage on the rail should not change sub-
stantially when the current 1s drawn. In certain applications,
the reference voltage generator capacitor should be at least
1.5 picofarads 1n order to assure that the rails of the buflers
are adequately regulated.

FIG. 5 includes a flow chart 500 of a set of methods for
controlling a power converter. The power converter could be
power converter 400 in FIG. 4. In step 501, a load 1s
regulated using a high side power FET, a low side power
FET, and a control loop. Steps 502-505 are conducted 1n
combination in order to maintain the power converter 1n a
standard operating mode 1n which the output of the power
converter 1s regulated. In step 502, a high side drive signal
1s generated via at least the level shifting of a first bufler
output signal. The high side drive signal could be level
shifted by level shifter 410 and the first buller output signal
could be the output of first buller 408. In step 503, the high
side drive signal generated 1n step 5302 could be used to drive
a high side power FET. The high side power FET could be
control switch 406 and the FET could be driven via circuitry
communicatively coupling level shifter 410 with the gate
node of control switch 406. Steps 502 and 303 can be
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conceptualized as occurring in sequence when considering
the effect of a transition 1n the drive signal. As such, the steps
are shown with arrows connecting them 1n a looping fashion.
Steps 504 and 505 are similar to steps 502 and 503 except
that they deal with the low side power FET, the low side
drive signal, and all of the accompanying circuitry. Steps
504 and 505 are drawn 1n parallel with steps 502 and 503 to
indicate that the steps can be happening 1n tandem with a
transition 1n the high side drive signal being matched by a
transition 1n the low side drive signal.

FIG. 5 also includes steps 506 and 307 to explain the
operation of the reference voltage generator. In step 506, the
reference voltage generator 1s used to generate V. from a
supply voltage. In step 507, power 1s supplied to the second
bufler using a reference voltage generator capacitor. The
reference voltage generator can be reference voltage gen-
crator 417 from FIG. 4. Step 507 1s drawn with an arrow
towards step 504 and 503 to indicate that the power supplied
by this step can be used to drive low side FET 407.

FIG. 6 1illustrates a control circuit 600 that serves as a
specific 1implementation of the control circuit in FIG. 2.
Control circuit 600 utilizes a common control mput V.,
coupled to both the first bufler 201 and second butlter 202
from control circuit 200. Control circuit 600 can also be used
in combination with power converter 400 1n FIG. 4. The
common 1nput signal can be the main signal used by the
control loop of the power converter to regulate the load. In
particular, the common control input V,,, could be a PWM
signal on the control loop of a switched power converter that
1s used for driving the switching circuit of the power
converter. The illustrated 1mplementations of first level
shifter 204 and second level shifter 205 are similar 1n
structure except the mput signal for second level shifter 205
1s provided to the control gates of a set of n-type devices
while the mput signal for first level shifter 204 1s provided
to the control gates of a set of p-type devices. This 1s because
first level shifter 204 shares V ,, in common with the mput
voltage range from butler 201 while second level shifter 205
shares V . In common with the input voltage range from
butler 202.

The first and second level shifters each individually
comprise certain features that are common to both of their
topologies. Both level shifters include a first circuit branch
(601, 611) coupled between the supply voltage V 5, and the
ground voltage V ... They also both include a first field
cllect transistor (603, 613) located on this circuit branch
with a first control gate. Both level shifters also include a
second circuit branch (602, 612) and a second field eflect
transistor (604, 614) located on the second circuit branch
having a second control gate. Furthermore, both level shift-
ers mnclude an internal verter (605, 615) with an 1put
coupled to the first control gate and an output coupled to the
second control gate. The term “internal” 1s used herein to
indicate that the inverter 1s within the same functional circuit
block as the level shifter and 1s therefore “internal” to the
level shifter from a schematic level perspective. However,
inverters 605 and 615 may not differ 1n great respect to
buflers 201 and 202 with respect to their physical layout
with exceptions made for standard decisions like the place-
ment of cells 1 a layout close to where their signals are
required.

The trip point of level shifter 204 1s set by the threshold
voltage of transistor 603 and the trip point ol internal
inverter 605. The trip point of level shifter 203 1s set by the
threshold voltages of transistor 613 and the trip point of
internal inverter 615. These transistors can be sized to place
the trip point between the reference voltage and the rail that
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1s shared with the first bufler 201 or second bufller 202
respectively for level shifters 204 and 205. In specific
approaches, as described above, this trip point can be offset
from the reference voltage by half of the delta between the
reference voltage and the shared rail. The level shifters wall
switch quickly at their trip points. Also, since the topologies
of the converters are complementary each can perform
suitably for its given trip point instead of stretching the same
topology to perform under either condition. The result 1s a
rapid transition in the high side control circuit output at
Vzors; and the low side control circuit output at V57 o, 10
response to two separate voltages between V5 and V zan
creating a tri-level input control circuit. As mentioned pre-
viously a logic circuit could be coupled to V,,,, and
Veore 10 generate a status signal when the circuit was in
tristate.

The status signal generated by control circuit can alter a
characteristic of the control loop of the power converter. As
mentioned previously, the status signal could be indicative
of a tristate 1n which all of the switches in the switching
circuit of the power converter were turned ofl. The control
loop may need to be altered in this state. This 1s 1llustrated
in FIG. 4 by the connection between logic circuit 416 and
signal conditioning and processing circuitry 405. However,
it may be necessary to assure that the power converter 1s
truly 1n tristate and not just rapidly transitioning between the
two standard on/ofl and ofl/on states. Since the high side
control circuit output and the low side control circuit output
independently transition as the common mput voltage V.
transitions from true to false, there may be a point where
both signals are temporarily false. This would likely occur at
the point that the common input signal was around the
reference voltage V... A delay circuit can be used to

distinguish between a transition between the two standard
states of the control circuit, and a true transition into tristate.

FIG. 7 includes a tlow chart 700 and a block diagram 711
to 1llustrate the use of a delay circuit 712 to detect a true
transition into tristate. As illustrated, delay circuit 712 1s
coupled to logic circuit output 713. The accompanying
method can begin with step 701 of generating a status signal
on a logic circuit output 713 using a logic circuit. The logic
circuit can be communicatively coupled to a first level
shifter 714 and a second level shifter 715 which could be the
level shifters of the control circuits described previously.
Step 702 can 1mnvolve delaying the logic circuit output using
a delay circuit. Step 703 can involve generating a trilevel
output signal 11 the delayed logic circuit output stays true for
greater than the delay time. A circuit for achieving this result
1s 1llustrated by latching circuit 716 and delay circuit 712.
The trilevel output signal can then be used to alter a
characteristic of the control loop using the trilevel output
signal as 1n step 704 and as illustrated by block 717. The
delay of the delay circuit can be at least 5 nanoseconds.
(iven that transitions between standard states can occur on
the order of 1-2 nanoseconds this level of delay can be
suflicient to screen out true transitions into tristate from
temporary transitions through tristate.

While the specification has been described in detail with
respect to specific embodiments of the invention, 1t will be
appreciated that those skilled 1n the art, upon attaining an
understanding of the foregoing, may readily conceive of
alterations to, variations of, and equivalents to these embodi-
ments. Any ol the method steps discussed above can be
conducted by a processor operating with a computer-read-
able non-transitory medium storing instructions for those
method steps. Although examples in the disclosure where
directed to switching power converters that provided a fixed
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voltage to a regulated regime, the same approaches can be
applied to power converters that provide a fixed current to a
regulated regime. In the provided examples, the polarity of
reference, ground, and signal carrying voltages can be
switched in whole or in part to achieve similar results. For 5 apd the second buffer each individually comprise:
example, a logic low and logic high could be switched
provided an additional mverter was added to the system or
provided the entire system switched. Furthermore, although
examples 1n the disclosure were directed switching convert-
ers the approaches disclosed herein apply to any power
converter scheme that transitions between operating modes
and includes a control loop. These and other modifications
and variations to the present invention may be practiced by

t
t
t

nose skilled in the art, without departing from the scope of
ne present invention, which 1s more particularly set forth 1n
e appended claims.

What 1s claimed 1s:

1. A control circuit comprising:

a first bufler powered by a supply voltage and a reference
voltage, wherein the first butler buflers a first input on
a first output;

a second bufler powered by the reference voltage and a
ground voltage, wherein the second bufler buflers a
second 1nput on a second output;

a first level shifter, wherein the first level shifter shifts the
first output to a voltage range; and

a second level shifter, wherein the second level shifter
shifts the second output to the voltage range;

wherein the voltage range 1s larger than a delta between
the supply voltage and the reference voltage; and

wherein the reference voltage 1s greater than the ground
voltage and less than the supply voltage.

2. The control circuit of claim 1, wherein:

the first level shifter 1s powered by the supply voltage and
the ground voltage; and

the second level shifter 1s powered by the supply voltage
and the ground voltage.

3. The control circuit of claim 2, wherein the first and

second level shifters each individually comprise:

a first circuit branch coupled between the supply voltage
and the ground voltage;

a first field eflect transistor located on the first circuit
branch and having a first control gate;

a second circuit branch coupled between the supply
voltage and the ground voltage;

a second field eflect transistor located on the second
circuit branch and having a second control gate; and
an 1nternal inverter having an internal inverter input
coupled to the first control gate and an 1nternal inverter

output coupled to the second control gate.

4. The control circuit of claim 1, further comprising:

a common control circuit mput, wherein the common
control circuit input 1s coupled to the first input and the
second 1nput;

a high side control circuit output, wherein an output of the
first level shifter 1s the high side control circuit output;
and

a low side control circuit output, wherein an output of the
second level shifter 1s the low side control circuit
output.

5. The control circuit of claim 4, further comprising:

a logic circuit communicatively coupled to the high side
control circuit output and the low side control circuit
output; and

a logic circuit output of the logic circuit that 1s used to
produce a trilevel output signal;
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wherein the logic circuit output 1s true when the high side
control circuit output and the low side control circuit
output are both false.

6. The control circuit of claim 1, wherein the first bufler

a two-device complementary field eflect {transistor
(“FET”) inverter;

wherein the two-device complementary FET inverter of
the first buller trips at about one half of the delta
between the supply voltage and the reference voltage;
and

wherein the two-device complementary FET inverter of
the second bufler trips at about one half of the delta
between the reference voltage and the ground voltage.

7. The control circuit of claim 6, wherein:

the two-device complementary FET inverter of the first
bufler trips when the first input 1s equal to about three
quarters of the supply voltage; and

the two-device complementary FET inverter of the second
bufler trips when the second 1nput 1s equal to about one
quarter of the supply voltage.

8. A power converter comprising;

a control loop that regulates an output of the power
converter using a switching circuit, wherein the switch-
ing circuit 1s coupled between an mput side of the
power converter and a load side of the power converter;

a first butler powered by a supply voltage and a reference
voltage, wherein the first butler buflers a first input on
a first output;

a second bufler powered by the reference voltage and a
ground voltage, wherein the second builer buflers a
second 1nput on a second output;

a first level shifter, wherein the first level shifter shifts the
first output to a voltage range; and

a second level shifter, wherein the second level shifter
shifts the second output to the voltage range;

wherein the first level shifter and the second level shifter
are on the control loop:;

wherein the voltage range 1s larger than a delta between
the supply voltage and the reference voltage; and

wherein the reference voltage 1s greater than the ground
voltage and less than the supply voltage.

9. The power converter of claim 8, further comprising:

the first level shifter 1s powered by the supply voltage and
the ground voltage; and

the second level shifter 1s powered by the supply voltage

and the ground voltage.
10. The power converter of claim 8, wherein the switching

circuit further comprises:

a high side power field eflect transistor with a high side
gate node; and

a low side power field eflect transistor with a low side gate
node;

wherein the high side power field eflect transistor is
coupled to the input side of the power converter and the
low side power field eflect transistor;

wherein the low side power field eflect transistor 1is
coupled to the high side power field eflect transistor and
a power ground voltage;

wherein the first level shifter produces a high side drive
signal for the high side gate node; and

wherein the second level shifter produces a low side drive
signal for the low side gate node.

11. The power converter of claim 10, further comprising:

a high side gate driver circuit powered by a boosted
voltage supply, and coupled to the high side gate node,
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wherein the high side gate driver drives the high side
power lield eflect transistor using the high side drive
signal;

a low side gate driver circuit biased by the power ground
voltage, and coupled to the low side gate node, wherein
the low side gate driver drives the low side power field

cllect transistor using the low side drive signal;

a high side latch communicatively coupled to the high
side gate driver and the first level shifter, wherein the
high side latch latches the high side drive signal; and

a low side latch commumicatively coupled to the low side
gate driver and the second level shifter, wherein the low
side latch latches the low side drive signal.

12. The power converter of claim 10, further comprising:

a common confrol circuit input on the control loop,
wherein the common control circuit mnput 1s coupled to
the first mput and the second 1nput;

wherein the high side drive signal and the low side drive
signal are both based on a first pulse width modulated
signal recerved on the common control circuit input;
and

wherein the high side drive signal and the low side drive
signal are second and third pulse width modulated
signals.

13. The power converter of claim 12, wherein:

a logic circuit communicatively coupled to the first level
shifter and the second level shifter; and

a logic circuit output of the logic circuit that 1s used to
produce a trilevel output signal;

wherein the high side power field eflect transistor and the
low side power field eflect transistor are both turned off

when the logic circuit output is true.

14. The power converter of claim 12, wherein the first and

second level shifters each individually comprise:

a first circuit branch coupled between the supply voltage
and the ground voltage;

a first field effect transistor located on the first circuit
branch and having a first control gate;

a second circuit branch coupled between the supply
voltage and the ground voltage;

a second field eflect transistor located on the second
circuit branch and having a second control gate; and
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an internal inverter having an internal inverter input
coupled to the first control gate and an internal inverter
output coupled to the second control gate.

15. A method comprising:

buflering an input signal using a first bufler, wherein the

first builer 1s powered by a supply voltage and a
reference voltage;

buflering the input signal using a second builer, wherein
the second bufler 1s powered by the reference voltage
and a ground voltage;

level shifting a first buller output signal of the first builer
to a voltage range using a first level shifter; and

level shifting a second bufler output signal of the second
bufler to the voltage range using a second level shifter;

wherein the voltage range 1s larger than a delta between
the supply voltage and the reference voltage; and

wherein the reference voltage 1s greater than the ground
voltage and less than the supply voltage.

16. The method of claim 15, further comprising:

regulating a load using a high side power field eflect
transistor, a low side power field eflect transistor, and
a control loop;

generating a high side drive signal via at least the level
shifting of the first buller output signal;

generating a low side drive signal via at least the level
shifting of the second builer output signal;

driving the high side power field eflect transistor using the
high side drive signal; and

driving the low side power field eflect transistor using the
low side drive signal;

wherein the input signal 1s on the control loop.

17. The method of claim 16, further comprising:

generating a logic circuit output using a logic circuit,
wherein the logic circuit 1s communicatively coupled to
the first level shifter and the second level shifter;

delaying the logic circuit output using a delay circuit with
a delay of at least 5 nanoseconds to produce a delayed
logic circuit output;

generating a trilevel output signal 1f the delayed logic
circuit output stays true for greater than 5 nanoseconds;

altering a characteristic of the control loop using the
trilevel output signal.
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